Background. In developing countries, 9 out of 10 patients lack access to timely operative care. Most patients seek care at district hospitals that often lack operative capacity, creating a need for referral. Delays in referrals contribute to substantial disability and death. This study assessed the predictors of delayed referrals for injured patients.
SURGICAL CONDITIONS ARE AN IMPORTANT GLOBAL PUBLIC HEALTH PROBLEM, with 5 billion people lacking access to safe, affordable, and timely operative care. 1 These conditions are largely neglected in developing countries 2 where 9 of 10 people do not have access to needed operative care. 1 The high rate of unmet or delayed treatment of surgical conditions leads to substantial disability and death. 3 Although data suggest that essential operative interventions are cost-effective in resourcepoor countries, 4 sub-Saharan Africa still trails in the provision of these services. 5 This is heightened by the scarcity of surgical specialists, most of whom, when available, are primarily based in urban tertiary hospitals. 3 At rural district hospitals in sub-Saharan Africa, the lack of trained surgical staff and surgical facilities 6 limits the ability to treat surgical patients, creating a need for effective and timely referral. In Rwanda, >80,000 cases of major and minor operations were conducted annually between 2009 and 2010, and 89.3% of these were performed at district hospitals by general practitioners. 7 However, 60% of all operations at district hospitals were obstetrics, indicating potential treatment gaps for nonobstetric surgical conditions, such as traumatic injuries. 7 In addition, the majority of the 50 surgeons available in the country worked in referral hospitals in the capital city of Kigali and district hospitals had 1.2 operating rooms per 100,000 persons. 7 While these challenges underscore the need for referral, weaknesses in the referral systems in sub-Saharan Africa, such as inadequate staffing, illequipped vehicles, 8 and poor provider adherence to established referral guidelines 9 contribute to delay in referral and increase the risks for poor health outcomes.
Among all surgical conditions, treating patients with injuries is a particular challenge for sub-Saharan Africa. Up to 38% of surgical conditions are injury related. 10 The 2 largest referral hospitals in Rwanda received 6,713 injured patients between March 2011 and October 2013, with fractures and head injuries as the most common diagnoses. 11 In a descriptive study of nonobstetric operative conditions at 3 rural district hospitals in 2013 in Rwanda, 42.6% of 2,660 patients were diagnosed with injury. 12 As Africa develops economically, injuries are increasing in severity and numbers. 13 Patients with injuries have limited access to operative care due to geographical, cultural, and structural barriers, as well as costs, both surgical and collateral. 10 In its third Health Sector Strategic Plan, the Rwandan Ministry of Health (RMoH) identified late presentation of surgical conditions and several medical emergencies as significant health care delivery challenges that overwhelm the referral facilities. 14 Patients with trauma often have complex injuries requiring timely and advanced care. For these patients, efficient referral is critical for optimized outcomes. However, to our knowledge, no study has assessed the referral of these patients from rural district hospitals to tertiary hospitals in sub-Saharan Africa.
The aim of this study is to characterize the current referral patterns and predictors of delayed referrals for patients presenting with injuries at 3 rural district hospitals in Rwanda. These hospitals, which are managed by the RMOH and thus follow national guidelines in the treatment and care of injured patients, also receive technical support from Partners In Health/Inshuti Mu Buzima (PIH/IMB). The goal is to provide evidencebased recommendations to improve the referral processes at these sites in Rwanda and beyond.
METHODS
Study setting. The 3 hospitals included in our study, Butaro, Rwinkwavu, and Kirehe District Hospitals, are managed by the RMOH and supported by PIH/IMB, a Boston-based, nongovernmental organization that partners with the government of Rwanda to improve health care delivery. General practitioners, assisted by nurses and nurse anesthetists, primarily perform operative procedures at these hospitals. PIH/IMB financially and technically supports the provision of operative care at the 3 hospitals and facilitates short-term surgical specialist visits intermittently. Only Butaro District Hospital had a general surgeon on staff during a portion of the study period.
In Rwanda, patients first seek care from a health center that delivers primary health care, including only very minor operative interventions, such as wound repair. Patients can be referred from health centers to the district hospital, where most minor and a few major operative procedures, such as cesarean sections, are available. Orthopedic or neurosurgical procedures are not available at district hospitals, although fracture stabilization can be provided before transfer to tertiary hospitals for definitive treatment.
Patients who need specialized or more advanced operative care than available at the district hospital are referred to national referral hospitals or to another district hospital if a specialist is available there. Transfers are facilitated by the 5 ambulances available in each district for emergency cases. For nonemergency cases, patients are responsible for referral logistics. All patients must cover costs (or copays when insured) for ambulances and medical expenses and collateral costs due to receiving care at a tertiary hospital far away from their home district. However, at these 3 hospitals for the poorest patients, PIH/IMB implements a Right to Health Care (RTHC) program, which covers medical and referral costs not covered by patient's insurance, and assigns an individual to help the patient navigate the referral and tertiary hospital system. A social worker determines patient eligibility for and level of RTHC support.
Study design. This study was a retrospective cohort study that included patients with injuries, acute or nonacute, who were recommended for referral between January 1, 2013, and December 31, 2013 from 3 rural Rwandan district hospitals: Butaro, Kirehe, and Rwinkwavu. These 3 district hospitals in our study are public hospitals and thus operate under national guidelines for the referral system in Rwanda.
Study population and data collection. The study population included all patients presenting with injury, regardless of acuity, who were either evaluated in the Emergency Department or admitted to the surgery ward at Butaro, Kirehe, and Rwinkwavu District Hospitals in 2013 and were recommended for referral by a medical doctor with the referral decision documented in the patient's medical file.
We collected data on patient demographics, clinical management, and transfer information. Data were extracted from district hospitals' admission registers, patient charts, surgical ward registers, and from admission registers at referral hospitals. Additionally, we used monthly reports of referred patients from district to referral hospitals maintained by PIH/IMB to complete missing data. Patient identifiers were maintained in a separate file for confidentiality and were destroyed at the end of data validation.
Analysis. From interviews with 6 local surgeons, 48 hours was the target window to transfer an injured patient stabilized at the district hospital to a tertiary facility when higher-level care was required. Therefore, we defined delay as a period >2 days from referral recommendation to either referral execution or referral nonexecution with the patient still alive 2 days after the recommendation. Patients who died before referral execution were considered delayed. For bivariate and multivariate analyses, we included patients whose delay could be determined. Patients whose transfer status or transfer time were unknown were excluded from bivariate and multivariate analyses.
We report number and percentages for demographics, clinical characteristics, and referral patterns. We used a Fisher's exact test to assess the relationship between covariates and the primary outcome of delayed referral. We considered variables that were significant at an a = 0.1 significance level in bivariate for the multivariate logistic regression model to identify risk factors for delayed referrals. The multivariate logistic regression was built using backward stepwise regression, stopping when all remaining covariates were significant at an a = 0.05 significance level. We report odds ratios (ORs), 95% confidence intervals (95% CIs), and P values for the multivariate results. All analyses were completed using Stata software (v13; StataCorp LP, College Station, TX).
Ethics. Data were extracted from routinely collected patient data, and all data were deidentified. We received technical approvals from the PIH/ IMB Research Committee and the National Health Research Committee and ethics approval from the Rwanda National Ethics Committee (IRB No:555/ RNEC/2013) and Partner's Human Research Committee in Boston, MA (IRB 2013P000468/BWH). This study was approved by the Rwandan Ministry of Health prior to data collection.
RESULTS
In 2013, 1,227 injured patients presented at the 3 district hospitals. Of these, 282 (23%) were recommended for referral (Table I) . Of those patients recommended for referral, 22.0% (n = 62) were at Butaro District Hospital and 41.8% (n = 118) at Rwinkwavu District Hospital. The majority of patients (63.9%, n = 179) were men and 42.4% (n = 114) were >35 years old. Of the 174 patients who reported insurance, 82.2% (n = 143) had community-based health insurance and 12.1% (n = 21) did not have health insurance. Occupation was documented for 157 (55.7%) patients, of whom 49.0% (n = 77) were farmers and unskilled laborers.
Road traffic injuries (36.5%, n = 103) were the leading mechanism of injury, followed by falls (27.0%, n = 76) ( Table I) . The most common diagnoses were closed fractures/dislocation (53.6%, n = 151) and head and spine injuries (23.1%, n = 65). The majority of patients were admitted in the surgical wards prior to referral (81.4%, n = 227). Only 6.8% (n = 18) of patients recommended for referral had an operation at the district hospital.
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Of 224 patients whose transfer was executed and who had information about the receiving referral hospital, most were transferred to public referral hospitals (85.7%, n = 192) (Table II) . A total of 58 patients had some indication for why referral was delayed; this included awaiting appointment (44.8%, n = 26), lack of space at referral hospitals (39.7%, n = 23), financial barriers (13.8%, n = 8), and death within 2 days before transfer execution (1.7%, n = 1).
Of the 282 patients recommended for referral, 51 had unknown transfer status or transfer time, and these were excluded from bivariate and multivariate analyses since their delay could not be determined (Fig) . For the 231 patients whose delayed referral could be determined and were included in the bivariate and multivariate analyses, 53.2% (n = 123) were transferred within 2 days after referral recommendation, and 46.8% (n = 108) were delayed in referral. Those delayed included those 42 patients who were not transferred, 1 patient who died before the 2-day delay window, and 65 patients who were transferred after 2 days.
In the bivariate analysis, the following factors were identified as potential predictors of delayed referral: the referring district hospital (P = .013), patients' age group (P = .021), occupation (P = .043), primary diagnosis (P < .001), ward of admission (P < .001), whether the operation was done at a district hospital (P = .016), and duration from admission to transfer recommendation (P = .004) (Table III) . Patient sex, type of insurance, mechanism of injury, duration from injury time to patient's presentation at district hospital, and referral destination were not significantly associated with delayed referral and therefore were not considered for the final model.
In the multivariate analysis, Butaro District Hospital had 3.25 higher odds of delay (95% CI: 1.37, 7.69; P = .007) compared to Kirehe District Hospital (Table IV) . Patients >35 years old were more likely to be delayed than those <15 years (OR = 2.42; 95% CI: 1.09, 5.35; P = .030). Patients with closed fractures or dislocation were significantly more likely to be delayed than those with open fractures (OR = 9.44; 95% CI: 2.28, 39.06; P = .002). Patients admitted to surgical wards were more likely to have a delayed referral compared to those admitted to non-surgical wards (OR = 6.88; 95% CI: 2.11, 22.50; P = .001). Patients who were recommended for referral 7 days after admission were also significantly more likely to be delayed than those recommended for referral within 2 days of admission (OR = 4.32; 95% CI: 1.31, 14.23; P = .016). 
DISCUSSION
The majority of the 282 injured patients recommended for referral were men and had injuries resulting from road traffic incidents. Similar patterns were observed in the region, where 70.2-77.0% of injured patients are men and 52.0-64.2% of injuries result from road traffic injuries. 15, 16 Preventing road traffic injuries is the most obvious intervention to reduce this burden on the referral system and requires addressing road quality, the environment, vehicle safety, and road users' abilities. 17, 18 The top 2 diagnoses in our study were closed fracture/dislocation and head/spine injuries, which is consistent with another study in Rwanda describing closed fracture/dislocation and head/spine injuries as the top 2 conditions of patients admitted to referral hospitals with injuries. 11 Most studies on referral networks in low-and middle-income countries and sub-Saharan Africa describe a highly nonfunctional, uncoordinated system. 19, 20 We found timely execution of referral for just >50% of cases recommended for referral. Rwanda has a decentralized, tiered health care system, 21 and we attribute the timely transfers to an organized health care system with a well-described referral system consisting of a communications network and ambulances that facilitate transfers. 14 Neighboring countries have noted that a lack of a functional ambulance network has led to delayed referrals for other emergency cases. 22 Further, we suspect that the RTHC program in this setting facilitated timely referrals by reducing financial barriers. A study in Uganda found a lack of financial resources among the common barriers to access operative care. 23 While 80% of patients in our study had health insurance (compared to 73% of the Rwandan population 24 ), even these patients must cover a copay for ambulances and other medical expenses that, when added to referral logistics and collateral costs, can prohibit or delay the referral process. Even with the RTHC program, financial challenges were indicated for 14% of patients with reason for delay documented.
Given that some of the patients in our study may have benefited from the RTHC program, the percentage of delays due to financial reasons is likely higher in other district hospitals. It has been demonstrated that expenditures related to seeking operative care, including medical and nonmedical costs (such as transportation, food, and lodging), can lead to impoverishment. 1 Providing social, financial, and logistical support to facilitate patient transfers from district hospitals to tertiary hospitals may overcome these barriers and provide protection from such impoverishment. We recommend a rigorous evaluation of the impact of the RTHC program to better understand its contribution to patient referral, care, and outcomes.
There still is room to improve completion of referrals within 2 days from these 3 rural district hospitals. Urgent conditions, such as road traffic injuries or open fractures, are less likely to be delayed than less urgent conditions, such as closed fractures. This triage principle is also seen in other non-surgery departments, such as the rapid transfer of urgent cases among the vulnerable populations among neonatal and pediatric patients. 25 For yExcludes patients who never completed referral or whose referral completion is unknown. zIncluded the patients who were transferred after 48 hours since referral recommendation, those who were not transferred while they were recommended for referral, and those who died before transfer. Excluded those with unknown transfer status and unknown time to referral execution. Number of patients, N = 282. nonurgent cases, rather than expediting the time from recommendation to execution of referral, we advocate better equipping district hospitals to be able to locally manage their care. This is consistent with a recommendation from the 2015 Lancet Commission on Global Surgery, which advises equipping district hospitals and training general practitioners and clinical staff to handle 80-90% of operative procedures, thereby decreasing the need for referral. 1 Another possible reason for delayed referral is the unavailability of the required specialist at the receiving hospital. In our study, head and spine injuries experienced significant delays, even though these were urgent conditions. There was only one neurosurgeon in public referral hospitals in Rwanda, with a second at a semiprivate ("beyond tertiary") referral hospital, which does not receive patients directly from district hospitals. For our patients with delayed referrals, 45.6% experienced these delays due to long appointment waiting times or lack of bed space at the referral hospital.
More surgical specialists are needed in Rwanda, and this need may be addressed by the Human Resources for Health program designed to increase the number of specialized health professionals in Rwanda. 26 Further, strengthening the capacity at district hospitals to handle some common urgent conditions, such as open fractures, would decrease the need for referral and the burden on the tertiary facilities. 1 Developing national protocols for triage of common urgent conditions will facilitate timely transfers.
There are several limitations that should be considered in the interpretation of our results. First, our study assessed only 3 public district hospitals in Rwanda that also receive support through a nongovernmental partnership. This support, specifically the RTHC program, may affect referral patterns. We recommend that future studies assess referral delays in non-PIH-supported district hospitals in Rwanda for comparison to our study and a formal assessment of the impact of the RTHC on referrals patterns and patient outcomes.
Second, we used routinely collected data that were sometimes incomplete. For example, the non-surgery departments experienced more missing data than the surgery departments and ambulance logs lacked patient identifiers, increasing the difficulty in tracking time of execution of referral. When possible, we used complimentary hospital records that logged patient's departure from the district hospital and arrival at the referral hospital.
In addition, we were unable to include injury severity or calculate an injury severity score in our analyses. This is largely due to the lack of diagnostics, like computed tomography scans, at the Note: If transfer status or transfer time was unknown, the patient was excluded from bivariate and multivariate analysis. If the patient was not transferred within 2 days or died before transfer, the patient was considered delayed and included in the analysis. 27 may help providers assess severity for improved referral decisions and also be valuable for research in the future. Furthermore, certain factors, such as education or income level, were not available, and a patient's occupation, insurance, and reasons for delay were incompletely reported. To address these limitations in the future, we recommend a revision of the surgical charts to ensure critical information is collected, including specific information regarding injury severity, transfer and delays in transfer, and a regular monitoring of data quality.
In conclusion, the aim of this study was to characterize referral patterns and factors associated with delay in transfer of injured patients in order to provide evidence-based recommendations for improving operative care delivery in Rwanda and similar settings. Even though the majority of these referrals were completed in a timely fashion, some patients experienced delays or did not complete transfer.
There is a need to improve operative capacity both at the district hospital level, which would then decrease the need to transfer patients, and at the referral hospitals by increasing the number of surgical specialists and the capacity of these facilities to receive patients in a timely fashion. We also recommend interventions to lower the consequence of transfers on patients to save time, money, and lost work, and preserve them from higher expenses while in referral hospitals. However, the reasons for referrals and the overall impact of these programs, such as the Right to Health Care program, are not well established and should be studied more in the future.
